1. Introduction {#s0005}
===============

Nanotechnology is making an impact in all spheres of human life and creating a growing sense of excitement in the life sciences, especially biomedicine and biotechnology ([@b0105], [@b0090]). NPs can be broadly categorized into organic carbon containing NPs and inorganic NPs include magnetic NPs, noble metal NPs (like gold and silver) and semi-conductor nanoparticles (titanium oxide and zinc oxide), NPs prepared using metals has significant applications in bio-related fields. Among the metallic NPs, silver (Ag) NPs are promising and are widely applied in many fields. AgNPs, i.e. silver particles of between 1 nm and 100 nm in size and have attracted immense research interest. AgNPs penetrate the cell wall, thus, alter the cell-wall components involved in respiration. The NPs may also penetrate the cell causing damage by interacting with phosphorus and sulfur containing compounds such as DNA and protein. Generally, Ag does not attach to the viable microbial cells and does not create the environment of microbial resistance. Therefore, Ag coated materials are mixed with textile fabrics, as food additives, and in package and plastics to eliminate the attachment of microbial pathogens. Because of such wide range of applications, numerous methods concerning the fabrication of AgNPs, as well as various silver-based compounds have been developed ([@b0045]). AgNPs have become the focus of greater research interest due to their wide variety of applications ([@b0040]). The nature and unique properties of nanomaterials have wide range of applications in the fields of biosensors, tissue engineering, DNA modification, drug delivery system, cosmetics and medical devices ([@b0020]). Silver has greater toxicity against a wide range of microorganisms. AgNPs are found to have anti- inflammatory, anti-angiogenesis, antiviral, anti-platelet and anti-cancer properties, which makes them a very potent agent in various fields of biology and medicine ([@b0135]). Plant extract solutions and extracellular metabolites of microorganisms have been in spotlight for their superior ability to synthesize Nanoparticles of metals mainly, silver and gold. Green synthesis of nanoparticles offer improvement over synthetic, chemical or micro-organisms methods as it is cost effective, environmental friendly and can easily be scaled up for industrial purposes. Traditional plants are used to cure many diseases. Therefore, plant natural products are widely studied in the fields of natural product biology, ethnopharmacology, and other important fields ([@b0035], [@b0060]). Natural products and herbal remedies used in traditional folk medicine have been the source of many medically beneficial drugs, as many of the medicinal plants have been shown to present interesting biological and pharmacological activities and are used as therapeutic agents ([@b0030]). The application of traditional medicinal plants and spices to improve the human health is an ancient practice. However, in recent years, scientific researchers are mainly interested in studying the importance of these plants by identifying its active agents responsible for their therapeutic effects. Among these medicinal plants, fenugreek (*Trigonella foenum-graecum* L.) is one of the important spices with various health benefits. *Trigonella foenum-graecum* L. is a herbaceous leguminous plant extensively cultivated in India, Pakistan, China, Egypt, and Middle Eastern countries. *Trigonella foenum-graecum* L. has wide range of properties as it is anticancerous, antimicrobial, antioxidant, antidiabetic and is also effective in countering conditions like cardiovascular disease. The present study aimed to synthesize and characterize AgNPs using the water extract of *T. foenum-graecum* L. seed. Further, the synthesized AgNPs were evaluated for its antimicrobial activity by confirming the mechanism and its anticancer activity was also established.

2. Materials and methods {#s0010}
========================

2.1. Synthesis of silver nanoparticles from fenugreek seeds {#s0015}
-----------------------------------------------------------

Fenugreek seeds were purchased from the local market in Chennai, India. The seeds were washed thoroughly with distilled water and further soaked for one hour to remove the dust on the periphery of the seed. The soaked seeds were further washed with distilled water and grind with 10 ml of sterile distilled water. The paste was centrifuged at 10000 rpm form 15 min to collect the upper supernatant. The supernatant was transferred into the brown bottle and kept in the dark room for 24 h. After incubation, the supernatant was mixed with equal proportion of freshly prepared Silver nitrate (1 mM) and incubated for 3 hours under shaking condition. The transformation of the colour of the solution was observed during the incubation of process within 10--15 min. The Ag particle solution was dried and centrifuged using methanol at 10,000 rpm for 10 min to remove the debris. The colour changes indicate the formation of AgNPs from the fenugreek seed extract.

2.2. Characterization of silver nanoparticles {#s0020}
---------------------------------------------

The synthesized AgNPs were characterized by UV--vis, SEM, XRD, FTIR and EDAX analysis by following the standard method ([@b0085], [@b0080]). Briefly, a pinch of the NPs were dissolved in 3 ml of the solvent and measured for the maximum wavelength by using UV--vis spectrophotometer, whereas for the X-ray diffraction analysis, the Ag particles amended solution was dried at 80 °C and was measured using X'pert pro X-ray diffractometer. FTIR measured from 400 cm^−1^ to 4000 cm^−1^ to determine the functional group of the nanoparticles. SEM analysis of the silver particles was carried out in various magnification ranges. Particle size analysis determined the size of the synthesized nanoparticles.

2.3. Antibacterial activity (Minimum Inhibitory Concentration) {#s0025}
--------------------------------------------------------------

The MIC of the synthesized AgNPs was determined by following the standard protocol ([@b0015]). Briefly, the compounds were dissolved in dimethyl sulfoxide and sterilized using 0.2µ filter discs and the solution was serially diluted (two fold in a 96-well micro titre plate) in the Mueller Hinton Broth (MHB). Further, five micro litres of the freshly prepared bacterial suspensions of the test organism (1.5 × 10^6^ CFU/ml) were transferred into the 200 µl of sterilized MHB. After proper mixing, the 96-well micro titer plates were covered with a sterile plate sealer and incubate at 37 °C for 18 h under shaking condition. After incubation, 5 µl of the microbial cells in each wells were spotted in an MHA plates and incubated at 37 °C for 18 h. The visible growth was monitored to determine the MIC of the particles. The experiment was repeated thrice to confirm the antibacterial activity of the AgNPs.

2.4. Antifungal activity {#s0030}
------------------------

As explained above, five micro litres of the freshly prepared spore suspensions of the test organism (1.5 × 10^5^ CFU/ml) will be transferred into the 200 µl of sterilized potato dextrose broth. After proper mixing, the 96-well micro titre plates were protected by the sterile cover and incubate at 30 °C for 48--72 h under shaking condition. After incubation, visible mycelia growth in each well was observed. Depending on the visible mycelia growth, the MIC of the AgNPs was determined. The experiment was repeated thrice to confirm the antifungal activity of the particles.

2.5. Mechanism of the antimicrobial activity of the particles {#s0035}
-------------------------------------------------------------

### 2.5.1. Intracellular protein leakage {#s0040}

The effect of the AgNPs in the intracellular protein level was monitored. The intracellular protein leakage was determined the method specified in [@b0025].

### 2.5.2. Lactate dehydrogenase (LDH) quantification {#s0045}

Lactate dehydrogenase (LDH) is present in the cytoplasm of the bacteria. LDH level was analyzed to determine the damage caused by the particles to the pathogenic bacteria. The LDH level was determined by the method specified in [@b0025].

### 2.5.3. Alkaline phosphtase (ALP) quantification {#s0050}

The amount alkaline phosphatase (ALP) was measured by slightly modifying methods specified in [@b0025].

2.6. Anticancer assay {#s0055}
---------------------

### 2.6.1. Cultivation of cell lines and maintenance {#s0060}

MCF7 and Vero cell lines were purchased from National Center for Cell Science (NCCS, Pune). Humidified incubator was used for the monitoring of the cells at 37 °C using 5% CO~2~. The cells were maintained in 1640 medium (RPMI 1640; Sigma), supplemented with 10% fetal bovine serum (FBS) together with other components such as 1.5 g/L sodium bicarbonate, 100 U/ml of penicillin, 0.25 µg/ml of ampotericin B and 100 µg/ml streptomycin. The cells were maintained in logarithmic growth phase in a complete medium. The cell line was be seeded at a density of 4000 to 6000 cells/well in 96-well plates in 10% FBS/RPMI 1640 culture medium and left overnight in the incubator for the study.

### 2.6.2. In vitro cytotoxicity activity (MTT assay) {#s0065}

The anticancer activity of the synthesized AgNPs was determined by MTT assay ([@b0095]).$$\text{Percentage\ of\ cell\ viability} = A_{540}\mspace{6mu}\text{of\ treated\ cells}/A_{540}\mspace{6mu}\text{of\ control\ cells} \times 100\%\text{.}$$

3. Results and discussion {#s0070}
=========================

3.1. Synthesis and characterization of AgNPs {#s0075}
--------------------------------------------

The seed extracts of the *T. foenum-graecum* L. were mixed with 1 mM AgNO~3~ resulted in the formation of brownish red color revealed the synthesis of the AgNPs and further confirmed by UV--vis spectra at 420 nm with the absorbance at 0.182 ([Fig. 1](#f0005){ref-type="fig"}). The results reported that the absorbance of the solution was increased with respect to the increase in the time periods because of the surface plasmon resonance of the nanoparticles of Ag element ([@b0050]). Reports claimed that the reaction conditions such as temperature, light intensity and buffering conditions of the samples and the concentrations of the AgNO~3~ play a major role in the formation of nanoparticles, also the presence of the group of functional compounds such as flavanoids, phenolic compounds, saponins, carbohydrates, tannins and other secondary metabolites present in the plants. [@b0010] and [@b0110] reported that the energy produced in the form of ATP during glucose degradation and generation of free energy from other metabolic pathways and catalytic activation time might enhance the possibility of the synthesis of AgNPs ([@b0010], [@b0110]). The X-ray diffraction spectra expressed the presence of strong peak values of 2θ within the angle of 37.1°, 44.7°, 65.6°, 78.6° and 80.2°. The results were documented that the AgNPs have face centered cubic structure and crystalline in nature ([Fig. 2](#f0010){ref-type="fig"}).Fig. 1Ultraviolet--visible absorption spectra of the AgNPs synthesized using the seed extract of *Trigonella foenum-graecum* L.Fig. 2XRD spectra of the AgNPs synthesized using the seed extract of *Trigonella foenum-graecum* L.

The functional group of the AgNPs were analysed by FTIR spectra. The synthesized AgNPs showed absorption bands at 3340 cm^−1^, 2980 cm^−1^, 2118 cm^−1^, 1635 cm^−1^, 1382 cm^−1^, 1251 cm^−1^, 1154 cm^−1^, 1072 cm^−1^ and 954 cm^−1^. The peak at 3340 cm^−1^ and 1635 cm^−1^ showed the presence of ---OH or ---COOH and amide group stretching in the AgNPs ([Fig. 3](#f0015){ref-type="fig"}). These absorbance bands were also associated with an O---H stretch of phenol or alcohol group primary amine, N000000000000 000000000000 000000000000 111111111111 000000000000 111111111111 000000000000 000000000000 000000000000O bend of nitro group, ---NO₂ of aliphatic group ([@b0075]). The presence of functional group in the AgNPs were similar to the report of [@b0070] and [@b0125], where the FTIR spectrum exhibited the hydroxyl, acid and amide functional group in the synthesized AgNPs ([@b0070], [@b0125]). [Fig. 4](#f0020){ref-type="fig"} shows the average size of the silver particle was 33.93 nm.Fig. 3FTIR spectra of the AgNPs synthesized using the seed extract of *Trigonella foenum-graecum* L.Fig. 4Particle size the AgNPs synthesized using the seed extract of *Trigonella foenum-graecum* L.

3.2. Antimicrobial activity of the AgNPs {#s0080}
----------------------------------------

The antimicrobial activity and MIC of the AgNPs were evaluated by disc diffusion method and broth micro dilution method. The primary screening revealed that the AgNPs suppress the growth of Gram positive and Gram Negative bacteria at concentrations less than 100 µg/mL. Among the bacteria, *Klebsiella pneumonia* and *Salmonella typhi* comparatively revealed better activity at 100 µg/mL concentration. The results revealed that the growth of Gram negative bacteria was comparatively suppressed by the AgNPs than Gram positive bacteria ([Table 1](#t0005){ref-type="table"}, [Fig. 5](#f0025){ref-type="fig"}). *Staphylococcus aureus* exhibited the MIC values (62.5 µg/mL), whereas the Gram negative bacteria, *Escherichia coli* documented the activity at 125 µg/mL concentration. *Pseudomonas aeruginosa* and *Salmonella typhi* showed moderate activity (500 µg/mL). The antibacterial activities of the AgNPs were better than the water extract. Interestingly, *Trichoderma viridiae*, *Trichophyton rubrum* and *Aspergillus flavus* exhibited MIC at (250 µg/mL) and *Penicilium notatum* and *Candida albicans* (250 µg/mL). The standard antibacterial and antifungal agents such streptomycin and ketoconazole were also compared with the AgNPs. Literature reveals that the cell wall of Gram negative bacteria contains peptidoglycan layer, lippopolysaccharides, exopolysaccharides and fimbriae which block the penetration of the AgNPs inside the cells ([@b0020], [@b0100]). However, the diffusion of AgNPs inside the cells of Gram positive bacteria is easier. In this study, lower concentration of the AgNPs were comparatively affected the growth of the Gram negative bacteria suggested its antimicrobial potentials. The antimicrobial activity might be due to the release of Silver ions into the cells or the presence of photochemical together with the Silver ions enhances the antimicrobial activity ([@b0055]).Table 1Minimum inhibitory concentration of the AgNPs against bacteria and fungi.MicroorganismsMinimum inhibitory concentrationNanoparticles (µg/mL)Water extract (mg/mL)Standard µg/mL)**Bacteria***Escherichia coli*1256.2525*Klebsiella pneumoniae*2501.2525*Staphylococcus aureus*62.56.2537.5*Salmonella typhi*5006.2550*Pseudomonas aeruginosa*500550  **Fungi***Aspergillus flavus*2502.525*Candida albicans*5002.5100*Trichophyton rubrum*2502.550*Penicilium notatum*5002.525*Trichoderma viridiae*250550[^1]Fig. 5Antimicrobial activity of the AgNPs synthesized using the seed extract of *Trigonella foenum-graecum* L. against bacterial pathogens. A: *Klebsiella pneumoniae*; B: *Staphylococcus aureus*; C: *Salmonella typhi*.

3.3. Mechanism of the antimicrobial activity of the AgNPs {#s0085}
---------------------------------------------------------

To determine the mechanism of AgNPs towards the antimicrobial activity, extracellular protein and enzyme concentrations of the pathogenic bacteria were quantified after AgNPs treatments. The results revealed that the addition of AgNPs showed higher release of protein in the supernatant. Among the pathogenic bacteria, the protein concentration *P. aeruginosa* was higher (36%) than the control, followed by *S. typhi* (28.2%), *S. aureus* (20.1%) and *K. pneumoniae* (20.6%) ([Fig. 6](#f0030){ref-type="fig"}A). Among the Gram negative bacteria, *E. coli* documented the least protein concentration than the control treatment (14%), it clearly indicated that the penetration of the AgNPs into the cells were prevented because of the presence of the barriers such as peptidoglycon and other components ([@b0015]). Similarly, [@b0025] claimed that the addition of plant compounds significantly disrupts the cells and release the intracellular proteins into the medium ([@b0025]). In this study the phytochemical constituents together with the AgNPs affect the cell wall of the bacterial pathogens. The results of release of protein is coincide with the report of [@b0120], who claimed that the phytochemical constituents of the medicinal plants, mainly involved in the alteration of the Gram positive and Gram negative bacterial cell walls by altering the membrane ([@b0120]).Fig. 6Antimicrobial mechanism of the AgNPs synthesized using the seed extract of *Trigonella foenum-graecum* L. against bacterial pathogens. A: Extra cellular protein level; B: Lactate dehydrogenase assay; C: Alkaline phosphatase assay.

The quantification of the LDH and ALP enzymes were further evidence that the treatment of AgNPs strongly inhibited the bacterial cell wall and other physiological nature. Results indicated that the significant increase in the units of the enzymes in the cultivation medium. ALP enzyme concentrations were dominant in the *S. aureus* (263 U/L), whereas the concentration of LDH were higher in *S. typhi* (957 U/L) ([Fig. 6](#f0030){ref-type="fig"}B and C). Reports claimed that the pathogenic bacteria release the enzymes under stress conditions or during the sporulation time ([@b0025]). The increase in the concentration of the enzymes proved that the AgNPs created the unfavourable environment to the bacteria which resulted in the release of the enzymes.

3.4. Anticancer activity of the AgNPs {#s0090}
-------------------------------------

The anticancer properties of the AgNPs against the MCF7 and Vero cell lines were determined by the MTT assay method. Results revealed that the anticancer properties of the AgNPs were directly proportional to the concentration and time periods ([Fig. 7](#f0035){ref-type="fig"}). Results revealed that the MCF7 and Vero cell treated with AgNPs good activity and the IC50 values 6.25 and 12.5 μg mL^−1^ respectively. Also, it was confirmed that the AgNPs was comparatively nontoxic to the cells. In general the applications of the AgNPs are related to the toxicity of the compounds. Many reports claimed that the lower concentrations of the compounds were toxic to the normal and cancer cell lines ([@b0005], [@b0065]). [@b0130], reported that the IC~50~ values NPs synthesized from *Annona squamosa* against MCF-7 cells were 50 and 50 μg mL^−1^ respectively, whereas, in this study the toxicity of the AgNPs were comparatively less ([@b0130]). [@b0115] reported the mechanism of anticancer properties of the AgNPs prepared using the root extract of the medicinal plant *Morinda citrifolia* ([@b0115]). The present study confirmed that AgNPs synthesized might be useful as nanomedicine for the treatment of different kind of cancers. The anticancer property of the AgNPs would be related to the presence of phytochemicals such as alkaloids, flavanoids and other phenolic compounds present in the *T. foenum-graecum* L. seed.Fig. 7Anticancer activity of the AgNPs synthesized using the seed extract of *Trigonella foenum-graecum* L. against MCF7 and VERO cell lines. A1: MCF7 cell line control; A2: MCF7 at 1.56 µg; A3: MCF7 at 3.12 µg; B1: VERO cell line control; B2: MCF7 at 1.56 µg; B3: MCF7 at 3.12 µg.

4. Conclusion {#s0095}
=============

In this report, we conclude that the AgNPs synthesized from the seeds of *T. foenum-graecum* L. were confirmed by UV--Vis spectrophotometer, SEM, XRD, FTIR and EDAX analysis. The results showed that the extracts of *T. foenum-graecum* L. were capable of synthesizing silver nanoparticles in room temperature under dark condition. The AgNPs exerts significant antimicrobial activity against clinically important Gram positive, Gram negative and filamentous fungi. The MIC of the AgNPs was ranged between 20 and 125 μg mL^−1^. Further the quantification of total protein, ALP and LDH enzymes assays confirmed the mechanism of action of the AgNPs. Besides the antimicrobial activity, anticancer property against MCF7 and Vero cell lines were the advantage of the AgNPs. *T. foenum-graecum* L. provides a traditional knowledge for the use of this plant in the folk medicines together with the nanotechnology to inhibit the disease causing microbial pathogens and to protect the cells were the added advantage.
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[^1]: Standard: Streptomycin and Ketoconazole.
